Aims/hypothesis Type 2 diabetes is a major risk factor for CHD. We hypothesised that diabetes genetic susceptibility variants might be associated with increased CHD risk. Methods We examined the individual and cumulative effect of 38 common genetic variants previously reported to be associated with type 2 diabetes on risk of incident CHD in 20,467 participants of the European Prospective Investigation into Cancer and Nutrition (EPIC) Norfolk Study who had been free of CHD at baseline. Results During a mean follow-up of 10.7 years, 2,190 participants had a CHD event. Two individual variants next to the TSPAN8 (HR 1.07, 95% CI 1.00-1.14) and the CDKN2A/B region (1.11, 1.04-1.17) were significantly associated with increased CHD risk. A genetic score based on the 38 diabetes variants was significantly associated with an increased risk of CHD (1.08, 1.01-1.14 per score tertile). Adjustment for prevalent and incident diabetes attenuated the association of the TSPAN8 variant (1.06, 0.99-1.13) and the genetic score (1.05, 0.99-1.12 per score tertile) with CHD risk, but not that of the CDKN2A/B variant (1.11, 1.05-1.18). Addition of the genetic score did not improve risk discrimination based on clinical risk factors. Conclusions/interpretation The increased risk of CHD observed with genetic susceptibility to type 2 diabetes was at least partly mediated by its diabetes-predisposing effect and was not useful for clinical risk discrimination. The potential role of pathways associated with the variant CDKN2A/B in linking diabetes and CHD needs further exploration.
Introduction
A steadily increasing number of common genetic variants associated with type 2 diabetes mellitus has been reported (electronic supplementary material [ESM] Table 1 ). Several of these variants are within genes that are plausible candidates for regulation of gluco-metabolic processes, and thus provide insight into the pathogenesis of diabetes.
Diabetes is a major risk factor for CHD, but the underlying pathophysiological mechanisms are largely unclear. Due to the strong and presumably causal association between diabetes and CHD, variants that are associated with risk of diabetes would be expected to also be associated with increased risk of CHD. If confirmed, this would have several implications. Diabetes variants that are more strongly related to CHD risk might point to associated pathways that mechanistically link diabetes to CHD. So far few type 2 diabetes variants have been examined for their association with cardiovascular outcome and the results are inconsistent [1] [2] [3] . Furthermore, although the effect of individual genetic variants on diabetes risk is small, an aggregate of many genetic variants combined to a score might substantially influence risk of diabetes and in consequence risk of CHD. The independent contribution of genetic diabetes susceptibility to CHD risk has not been examined.
We therefore examined the association between individual type 2 diabetes variants and risk of incident CHD events and the risk associated with a genetic predisposition score in participants of the European Prospective Investigation into Cancer and Nutrition (EPIC) Norfolk Study [4] .
Methods
EPIC-Norfolk is a prospective population-based study of 25,663 men and women aged 40 to 79 years and living in Norfolk, UK; it has been described in detail elsewhere [4] . Baseline samples of DNA were available for genotyping in 21,323 participants. We excluded 165 participants with selfreport of non-European descent and 691 participants with baseline history of myocardial infarction. Incident cases of diabetes were ascertained as previously described [5] using multiple sources of evidence, including self-report, and linkage to primary care registers, secondary care registers, hospital admissions and mortality data. Incident cases of CHD and cardiovascular disease were defined by the corresponding 'International Classification of Disease' codes on death certificates and hospital discharge data, which have proven to be accurate in an earlier validation study [6] . We report results with follow-up to March 2007. The study was approved by the Norwich District Health Authority Ethics Committee and all participants gave signed, informed consent.
We genotyped 42 autosomal type 2 diabetes variants reported in European-origin populations at a genome-wide association significance level of 5×10 −8 , or with consistent replication in several cohorts or proxies in high linkage disequilibrium (LD) (ESM Table 1 ). Genotypes were obtained from the iPLEX (Sequenom, San Diego, CA, USA) platform or Custom TaqMan SNP Genotyping Assays (Applied Biosystems, Foster City, CA, USA). Four variants did not pass genotyping quality control criteria and were excluded from analyses.
The diabetes-risk-increasing alleles were determined on the basis of recent literature (ESM Table 1 ). A genetic predisposition score was calculated for each participant by adding the diabetes risk-increasing alleles from all 38 variants. We also calculated a weighted score based on the effect size (OR) obtained from previous replication analyses (ESM Table 1 ). Logistic regression was used to calculate the risk (OR) of individual variants and the genetic score for combined prevalent and incident diabetes. Cox proportional hazard regression was used to examine the risk (HR) of incident CHD. All reported p values were not corrected for multiple testing unless indicated otherwise. Harrell's c-statistics were calculated to estimate the risk discrimination of models with and without the genetic score. In sensitivity analyses, we calculated a genetic score by: (1) excluding the four variants with an OR for diabetes of less than 1 in our cohort; and (2) standardising the score in persons with <50% missing genotypes to those for persons with complete data. We observed similar results for both scores as in primary analysis (data not shown).
All analyses were performed using STATA version 10.1 (Statacorp, College Station, TX, USA). We had 96%/82% power to detect a relative risk of 1.2/1.15 of individual variants for incident CHD with an α level at p=0.05.
Results
During a mean follow-up of 10.7 years, 2,190 (10.7%) of 20,467 participants had an incident CHD event. Baseline characteristics are shown in Table 1 . Table 2 shows the associations of 38 type 2 diabetes variants with risk of prevalent and incident diabetes and incident CHD. In our population individual diabetes variants showed an effect direction for risk of diabetes that was consistent with the original reports in 34 of the 38 variants. The risk of incident CHD ranged from HR 0.93 to 1.11 per diabetes risk allele across variants. Two variants, one next to the CDKN2A/B locus and one next to the TSPAN8 locus, showed a significant association with CHD, with the same direction of effect as reported for diabetes. When correcting for multiple testing, the association of the CDKN2A/B variant with CHD remained significant (p=0.04) but not that of the TSPAN8 variant. The genetic score was significantly associated with risk of CHD, with each diabetes risk allele associated with a 1.5% (95% CI 0.2-2.8, p=0.03) risk increase for CHD in age-and sex-adjusted analysis. However, there was no significant association between the genetic score and risk of cardiovascular disease (HR 1.005, 95% CI 0.997-1.013, p=0.22).
Adjusting for prevalent and incident diabetes did not attenuate the association of the CDKN2A/B variant (HR 1.11, 95% CI 1.05-1.18, p=0.001), but did attenuate that of the TSPAN8 variant (HR 1.06, 95% CI 0.99-1.13, p=0.08) and the genetic score (HR 1.05, 95% CI 0.99-1.12, p=0.09) with CHD risk (Table 2) . Additional adjustment for BMI did not change results (data not shown).
The c-statistic for predicting a CHD event was unchanged by addition of the genetic score to a model including age and sex (0.73) or to a model including age, sex and traditional risk factors (0.76).
Discussion
We demonstrated a significant association of the CDKN2A/B and TSPAN8 variants, and a genetic score built with 38 diabetes variants with risk of CHD. The association was mediated by the predisposition to diabetes for the TSPAN8 variant and the genetic score. Addition of the genetic score did not improve clinical prediction of CHD.
A recent analysis of the Women's Health Study failed to show an improvement in cardiovascular risk prediction when adding a genetic score of variants associated with cardiovascular disease or intermediate traits [2] . However, the number of events was low (n=777) and the results are difficult to interpret, as different cardiovascular endpoints and genetic variants with contrary effects on distinct risk factors were lumped together. We observed a much stronger association of our diabetes-specific risk score with CHD than with cardiovascular disease. However, although the association between genetic diabetes susceptibility and CHD can be demonstrated, the magnitude of that association is too low to be of clinical use in the prediction of CHD.
The individual variants we identified to be associated with CHD were not those with the strongest association with diabetes, suggesting that these variants or associated pathways might be of particular relevance to the development of CHD. However, the observed association of the TSPAN8 variant with CHD was partly mediated by its association with diabetes and attenuated to borderline significance in the diabetes-adjusted model. Replication of our finding in a larger sample size may help to establish whether or not the TSPAN8 locus is associated with CHD independently of diabetes.
The CDKN2A/B variant on chromosome 9p21 has been previously reported to be associated with CHD risk [7] . The 9p21 region is under intense research, since several variants within this region have been independently reported in genome-wide association studies (GWAS) for type 2 diabetes and CHD. Several of these variants, including our CDKN2A/B variant, were shown to disrupt transcription factor bindingsites and indeed one of the CHD variants had functional relevance for a pathway associated with atherosclerosis in human endothelial cells [8] . Our CDKN2A/B variant is in weak LD with one of the CHD variants (r 2 =0.24 for rs10116277), which might explain the association with CHD risk. In support of this, we did not observe attenuation after adjustment for diabetes in our study. In contrast, in diabetic patients a significant interaction was found between a variant within the 9p21 region, which is in LD with our CDKN2A/B variant (r 2 =0.16), and poor glycaemic control leading to an effect on risk of CHD [9] . This suggests not only separate effects on diabetes and CHD, but a mechanistic link between both diseases within this region.
The IRS1 variant showed a borderline significant association with CHD here and is in high LD (r 2 =0.93) with a variant reported in a GWAS of CHD [10] . Notably, the association between the IRS1 variant and CHD here was not attenuated by adjustment for diabetes, suggesting that a potential common pathway for development of diabetes and CHD is associated with this variant.
In conclusion, the increased risk of CHD associated with aggregate genetic diabetes susceptibility was partly mediated by predisposition to diabetes and did not improve clinical risk prediction. The identification of individual variants associated with CHD risk independently of their diabetes predisposition might help to provide insight into the pathophysiological link between diabetes and CHD.
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